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ABSTRACT: The intention of elimination of losses is to improve 
the efficiency and effectiveness of the production and reduce the 
unnecessary expenses. OEE is a performance metric of the 
machine or process and it provides information to the user to 
monitor and understand the actual situation of the machine 
compared to the ideal situation of the machine. Although six big 
losses are defined in the OEE, but it is still not clearly shows the 
scope of improvements in availability. Most of the time, users are 
more focus on the breakdown rather than setup process due to 
breakdown losses have greater impact on the OEE percentage. 
Therefore, excessive setup time or changeover time is hidden in the 
OEE. Furthermore, the frequency of the setup process and ideal 
setup time is not clearly stated in the OEE. The objective of this 
study is to visualize the availability losses by improve the 
classification of availability losses. The new classification of losses 
is examined by real data and it showed better visualization than 
traditional classification of losses. It is necessary to quantify these 
losses with modified OEE to visualize the losses in a better way. 
KEYWORDS: Overall Equipment Effectiveness, classification of losses, 
hidden wastes, visualization 
 
1.     INTRO DUCTIO N 
In the manufacturing sector, elimination of losses is one of 
the important issues to reduce the failure rate, utilize resources 
and remain the competitiveness of the company. Due to this 
demand, Overall Equipment Effectiveness (OEE) is 
introduced in the philosophy of Total Preventive Maintenance 
(TPM). OEE is not only part of the TPM philosophy, but it 
also can be used individually as a performance measurement 
of the machine or process. Nakajima had proposed six big 
losses that quantify the losses that available in the equipment 
to allow OEE users quantify the wastes in between the planned 
production time [1].  
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The six big losses are categorized into three factors, 
availability, performance and quality. Availability indicates 
the breakdowns and setup time while minor stoppages and 
reduced speed are categorized in the performance. For quality, 
it indicates the yield losses and defects. Through the OEE 
metric, users able to identify the scope of improvements and 
build up an improvement plan based on the particular area. 
However, most of the researches are focused on the 
breakdown problem when they try to improve the OEE in 
terms of availability [2]. Moreover, OEE also has weakness 
and may cause the hidden potential improvements invisible 
from the view of the production team as well as management 
level [3]. Then, there are wastes that cannot be quantified 
through the traditional approach of OEE [4]. Workers tend to 
lengthen the working time when perform setup or changeover 
process to release time pressure. The tolerance given to them 
might be unnecessary because they can actually reduce the 
lead time, but it may tolerate in the OEE which management 
level do not aware of this. In addition, the frequency of the 
changeover and setup process is invisible in the traditional 
OEE approach because it is mixed up with the excessive 
working time performed by the workers.    
The intention of OEE is to improve and consummate the 
equipment in terms of effectiveness and efficiency from time 
to time. To achieve this, the visualization of wastes is one of 
the important elements. Problem solving cannot be done 
without the classification of losses and this emphasizes the 
importance of visualization of losses [5]. To visualize the 
wastes of the equipment, quantification of all the losses 
available in the equipment is needed. Moreover, the 
quantification of losses should make the wastes visible in the 
OEE approach and allow user to identify the scope of 
improvement and create an improvement plan based on it. 
2.    LITERATURE REVIEW 
 
In the definition of OEE, there are six big losses available. 
These losses are breakdown losses, setup and adjustment 
losses are categorically as breakdown losses; minor stoppage 
and reduced speed are classified as speed losses, while rework 
and startup losses are quality losses [6]. However, this is not 
the only way of classification of OEE losses. There are two 
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different types of classifications of losses [7]. First is the six 
big losses that proposed by Nakajima [1] and the other is 
proposed by Jeong and Philips [8]. 
 
Table 1: Comparison of classification of OEE losses [7] 
OEE Factor 
Nakajima 
(1988) 
Jeong and Philips (2001) 
Availability 
Breakdown 
losses 
Set-up and 
adjustment 
Unscheduled maintenance 
Set-up and adjustment 
Non-scheduled time 
Scheduled maintenance 
R&D time 
Engineering usage time 
WIP starvation time 
Idle without operator 
Performance 
Idling and 
minor 
stoppages 
Reduced 
speed 
Speed losses 
Quality 
Defects and 
rework 
Yield losses 
Quality losses 
 
The main difference between two losses classification is 
the losses that will affect to the availability rate. Based on 
Nakajima [1], the preventive maintenance, scheduled 
maintenance time, off-shifts, holidays and break time are not 
included in the computation of planned production time. 
However, Jeong and Philips [8] stated that whenever the 
machine is stopped, it should be considered as a loss and 
computed in the OEE calculation. This is supported by the 
Wong, Chan and Chung. [9], with poor scheduling of 
preventive maintenance will increase the risk of dramatically 
disturbing production. Anyway, preventive maintenance is 
typically excluded from the OEE because it is assumed that 
preventive maintenance is unavoidable and cannot be 
eliminated. Furthermore, Smith and Hawkins [10] also 
claimed that planned maintenance is out of the OEE equation 
because it is assumed that planned maintenance is something 
that you have to do it, you can’t reduce it, you can’t eliminate 
it, so leave it in. 
 
 
 
 
 
 
Figure 1: Relationship of TPM 16 losses in the production 
 
In Figure 1, it showed the relationship of 16 losses that 
classified in the TPM to the production. In the 16 losses of 
TPM, there are 6 big losses that classified in the OEE and 
OEE can be said as a part of TPM, but Figure 1 showed that 
OEE does not cover all the possible losses in its philosophy. In 
ideal condition, total calendar time is the total time that 
company had to produce products, however, planned 
downtime is required to have planned maintenance, periodic 
inspection and statutory inspection. It also can be categorized 
as shutdown losses because the machine has to shut down to 
perform the activity as mentioned earlier. Anyway, most of the 
OEE users will not include this loss in the OEE calculation 
because they consider shutdown losses as something that must 
be implemented to maximize plant and equipment 
effectiveness [11]. In OEE philosophy, it is encouraging the 
situation that machine can run all the time in the planned 
production time [3]. However, this situation is hard to achieve 
due to the losses like breakdown, and setup and adjustment. 
Furthermore, the losses like tool changeover, logistic, motion, 
and measurement and adjustment will further reduce the 
available production time [4].  Anyhow, the available 
production time will not be fully utilized if speed losses are 
existed. The management losses and line organization losses 
will contribute to the speed losses also because these losses 
will cause the machine to delay or slow performance. These 
losses will cause the machine to waiting for the material, 
operators and work in [12]. Next, quality losses will further 
reduce the valuable operating time, which the machine is 
producing defects or products that need to rework. As 
mentioned by Badiger and Gandhinathan [13], the potential 
improvement might be unnoticed if the monitoring is not 
sufficient. The classification of OEE losses can be further 
improved to capture potential improvement in a better 
visualization. The Ljungberg [14] also argues that six major 
losses are not sufficient and it should be divided into more 
groups. The OEE is a good performance metric and it is 
simple to use but it can be further improve to quantify the 
wastes in a better visualization. 
 
3.     METHODOLOGY 
 
In OEE calculation, classification of losses is essential to 
allow users to indicate the scope of improvement and find out 
the root causes to develop an effective improvement plan. 
OEE is the product of three main factors, availability, 
performance and quality. The Eqs. (1) showed the formula to 
calculate the percentage of availability factor. The operating 
time is the available time after the deduction of breakdowns 
and setup time from the planned production time. Planned 
production time is the total time without consideration of 
planned downtime. Then, Eqs. (2)-(3) showed the formula to 
calculate the percentage of performance and quality factor. 
Ideal cycle time is the theoretical cycle 
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time that can be achieved by the machine and good pieces are 
the total pieces that can be proceed to the next process without 
rework. With all these three factors, the OEE percentage can 
be calculated as the Eqs. (4). 
 
eductiontimPlannedpro
time Operating
  A ty,Availabili  (1) 
sTotalpiece
imeOperatingt
time cycle Ideal
  P e,Performanc  (2) 
sTotalpiece
pieces Good
  Q Quality,  (3) 
QP  OEE  A (4) 
 
As what is shown in the Eqs. (4), the OEE percentage is 
affected by the three main factors and users used it to identify 
the area to focus. Users will focus on the main factors that 
contribute most to the low OEE percentage to improve the 
production. In this case, availability factor will be focused 
because it has the lowest percentage among the main factors. 
After the identification of the lowest main factor, users will 
identify the scope of improvement through classification of 
losses. Users will analyze to the causes of low availability 
factor through the classification of losses and discussion will 
be made in term of visualization of losses. 
 
4.     RESULTS AND DISCUSSION 
 
OEE is calculated with the real data to identify the current 
situation of the equipment. Figure 2 showed the results of 
OEE factors based on the traditional classification of losses. 
The breakdown and setup time losses are categorized in the 
availability and performance categories, minor stoppages and 
reduced speed while quality indicates yield losses and defects. 
The performance and quality factors showed high percentages 
which higher than 80%. However, availability factor drags 
down the performance of the equipment by 69.34%, which 
slightly below than 70%. 
 
 
Figure 2: Percentage of OEE main factor 
 
It is clearly shown that the main contributing factor to the low 
OEE percentage is availability factor. It has the lowest 
percentage and further affects to the OEE percentage.  With 
this OEE result, users can focus on the losses of availability 
because it is the main problem to be tackled. However, users 
are unable to identify the scope of improvements specifically 
because there are breakdown and setup losses in the 
availability factor. They have further to analyze the losses to 
indicate the scope of improvement. This showed that the 
classification of the losses in the traditional way is not 
applicable for user to identify waste in short time. In other 
word, the poor visualization of losses caused lengthens the 
time to identify the scope of improvement. Moreover, 
management level cannot identify or monitor the actual 
situation of the production because of the weak visualization 
of wastes. They have to further investigate to the data to 
visualize the losses which are excessive and time wastage. 
 
Table 2: Definition of Losses in Modified OEE 
Availability Losses Definition 
Breakdown The unplanned downtime 
that occurred and force to 
stop the machine and 
repair. 
Frequency of setup 
process 
The total number of ideal 
setup or changeover 
process that perform 
during the planned 
production time. 
Excessive setup time The unnecessary or 
excessive setup or 
changeover time after 
deduction of ideal time 
from actual time. 
 
In traditional way of classification, the losses that fall in the 
category of availability are breakdown and setup losses. 
However, it is found not efficient because the definition of 
setup losses can be differentiated into two. It is used to 
visualize the problem of the long setup time. The frequency 
of the setup process and excessive setup time are actually two 
available problems that lead to long setup time with different 
causes. The frequency of the setup process is due to the 
management decision while excessive setup time is the 
unnecessary working step or redundant working time that 
performed by the manpower. The breakdown losses are the 
unplanned downtime that stops the machine from operating 
and reduce the planned production time. 
 
Classification of Losses in Overall Equipment Effectiveness Calculation 
 
10 
 
Retrieval Number: A00020681S519/19©BEIESP 
 
Published By: 
Blue Eyes Intelligence Engineering & 
Sciences Publication  
Breakdo
wn, 18.1
2%
Total 
frequen
cy of 
setup 
proces…
Excessiv
e setup 
time, 73
.16%
 
Figure 3: Losses Distribution in Availability Factor 
 
As shown in the Figure 3, the major distribution to the low 
availability is due to the long setup time. Long setup time 
might due to several issues and mostly is due to the excessive 
setup or changeover time performed by the workers. 
However, this is not the only reason of the long setup time, 
but it may cause by the high frequency of the setup and 
changeover process during the production time. Excessive 
setup time is the unnecessary time that used to perform setup 
or changeover process. Maynard Operation Sequence 
Technique (MOST) is used to standardize the setup or 
changeover time [15]. The standardized time is used as the 
ideal time [16]. The frequency of the setup or changeover 
process is calculated as the product of frequency and ideal 
time [17]. As shown in the Figure 3, the setup losses are 
separated into two and it showed that the main loss 
contributes to the low availability is excessive setup time 
[18]. Now the losses are visualized and user can tackle on the 
main losses and develop improvement plan. 
 
5    CONCLUSION 
 
OEE is used to monitor the actual situation of the equipment 
and indicate the scope of improvement. Researchers develop 
the classification of losses in their own way to utilize the OEE 
metric with specific purposes. In the OEE measurement, there 
might have conflict when users try to indicate the scope of 
improvement, especially in the availability factor, because the 
user cannot identify the scope with the OEE percentage. They 
have to further investigate to get a clearer image of the losses. 
Furthermore, setup time can be separated into the frequency 
of the setup process and excessive working time. In this case, 
the setup time is the major cause to the low availability and 
mostly affected by the excessive setup time but it can be 
different in different situation. OEE can be used by the 
management level to monitor the current situation of the 
production, but there are limitations because setup time and 
breakdown are falling into one category. The setup and 
changeover process still require manpower and manpower 
tend to lengthen the working time to release time pressure. In 
addition, the frequency of the setup and changeover process 
might be increased due to some reasons and management 
level cannot quantify it through OEE. The people in charge 
might hide this without acknowledging to the management 
level. OEE scale cannot show these details and might lead 
them into the wrong way because most of the people will 
focus on the breakdown losses rather than setup losses. To 
overcome this issue, visualization is very important and this 
could be done with the modification on classification of OEE 
losses. The next stage of the study should come out with the 
new formula to quantify the frequency of the setup process 
and the excessive setup time performed by the workers in the 
modified OEE calculation. 
 
ACKNOWLEDGEMENT 
 
The author would like to express his acknowledgement to 
sponsor of a fund due to the financial support throughout the 
period at which research was carried out. The Fundamental 
Research Grant Scheme (FRGS) is coded 
FRGS_12015TK03FKP02F00279. 
 
 
REFERENCES 
[1]  S. Nakajima, Introduction to Total Productive Maintenance, Cambridge, M.A: 
Productivity Press, 1988. 
[2] K.E. Chong, K.C. Ng and G.G.G Goh, “Improving Overall 
Equipment Effectiveness through integration of Maintenance Failure 
Mode and Effect Analysis in a semiconductor manufacturer: A case 
study,” Proceedings of the 2015 IEEE, 2015. 
[3] A.P. Puvanasvaran, T. Ito, Y.S. Teoh and N.S. Mahamud, “Hidden 
Wastes in Overall Equipment Effectiveness (OEE) under the study 
of Maynard’s Operation Sequence Technique (MOST),” Proc.2016 
International Conf. on Industrial Engineering and Operations 
Management, Kuala Lumpur, 2016,  pp. 1563-1568. 
[4]  A.P. Puvanasvaran, T. Ito, Y.S. Teoh, and S.S. Yoong, “Examination of overall 
equipment effectiveness (OEE) in term of maynard’s operation sequence technique 
(MOST),” American Journal of Applied Sciences, vol. 13(11), pp.1214-1220, Nov. 
2016.  
[5] Shakeel PM, Baskar S, Dhulipala VS, Jaber MM., “Cloud based 
framework for diagnosis of diabetes mellitus using K-means 
clustering”, Health information science and systems, 2018 Dec 
1;6(1):16.https://doi.org/10.1007/s13755-018-0054-0 
[6] M. Mohammedasif, and C.G. Ramesh, “Enhancing overall equipment effectiveness 
of HMC machines through TPM and 5S techniques in a manufacturing company,” 
International Journal on Mechanical Engineering and Robotics, vol. 2(2), pp. 52-57, 
2014. 
[7] S.B. Anil, and R. Gandhinathan, “A proposal: evaluation of OEE and impact of six 
big losses on equipment earning capacity,” International Journal Process 
Management and Benchmarking, vol. 2 (3), pp.234-248, 2008. 
[8] K. Jeong and D. Phillips, “Operational efficiency and effectiveness measurement,” 
International Journal of Operations and Production Management, vol. 21(11), 
pp.1404–1416, 2001. 
[9] C.S. Wong, F.T.S. Chan and S.H. Chung “A joint production scheduling approach 
considering multiple resources and preventive maintenance tasks,” International 
Journal of Production Research, vol. 51(3), pp. 883-896, 2013. 
[10] R. Smith and B. Hawkins, Lean Maintenance: Reduce Costs, Improve Quality, and 
Increase Market Shar, Elsevier, Amsterdam and Boston, MA: 2004. 
[11] Shakeel, P.M., Tolba, A., Al-Makhadmeh, Zafer Al-Makhadmeh, 
Mustafa Musa Jaber, “Automatic 
International Journal of Recent Technology and Engineering (IJRTE) 
ISSN: 2277-3878, Volume-8, Issue-1S5, June 2019 
 
11 
 
Retrieval Number: A00020681S519/19©BEIESP 
 
F2377037
Published By: 
Blue Eyes Intelligence Engineering & 
Sciences Publication  
detection of lung cancer from biomedical data set using discrete 
AdaBoost optimized ensemble learning generalized neural 
networks”, Neural Computing and Applications,2019,pp1-
14.https://doi.org/10.1007/s00521-018-03972-2 
[12] I.P.S. Ahuja and J.S. Khamba, “Total productive maintenance: literature review and 
directions”, International Journal of Quality & Reliability Management,  vol.25(7), 
pp. 709-756, 2008. 
[13] A.S. Badiger and R. Gandhinathan, “A proposal: evaluation of OEE and impact of 
six big losses on equipment earning capacity”, Int. J. Process Management and 
Benchmarking, vol.2(3), pp. 234-248, 2008. 
[14] O. Ljungberg, “Measurement of overall equipment effecitivenes as a basis for TPM 
activities”, International Journal of Operation and Production Management, 
vol.18(5), pp.495-507, 1998. 
[15] Manogaran, G., Baskar, S., Shakeel, P.M., Naveen Chilamkurti, R. Kumar, 
Analytics in real time surveillance video using two-bit transform accelerative 
regressive frame check, Multimed Tools Appl (2019). 
https://doi.org/10.1007/s11042-019-7526-3. 
[16]          A.P. Puvanasvaran, H. Megat, S.H. Tang, M.M. Razali, and H.A. 
Magid, “Lean process management implementation through 
enhanced problem solving capabilities,” Journal of Industrial 
Engineering and Management, vol. 3(3), pp. 447-493, 2010. 
[17]     V.B. Patel and H.R. Thakkar, “Review study on improvement of overall equipment 
effectiveness through total productive maintenance,” Journal of Emerging 
Technologies and Innovative Research, vol. 1(7), pp. 720-726, 2014. 
[18]       A.P. Puvanasvaran, C.Z. Mei and V.A. Alagendran, “Overall Equipment Efficiency 
Improvement Using Time Study in an Aerospace Industry,” 1st Malaysian 
International Tribology Conference, vol. 68, pp. 271-277, 2013. 
  
 
